Three facile and efficient routes for one-pot, cobalt (II) nitrate hexahydrate catalyzed multi-component synthesis of 2-amino-3cyanopyridine and pyranopyrazole derivatives have been developed. The present protocols offer the products in good yields from the simple and readily available starting materials. The other salient features of these protocols are operational simplicity, easy isolation of product without the need of column chromatographic purification, and the use of cobalt (II) nitrate hexahydrate as an efficient catalyst.
INTRODUCTION *
Heterocyclic skeleton, specially functionalized heterocycles exist in many important compounds with unique biological activities. They occupy a vast scope in the drug discovery process. Hence, explore topics on the synthesis of heterocyclic motifs has gained special attention. 1-3 Nheterocycles are highly desirable compounds because of their differing chemical and pharmacological significance. Of these, pyridine and pyrazole derivatives are appeared as important building blocks due to a wide range of biological profiles. Cyanopyridine derivatives possess a wide variety of bioactivities (e.g. A 2A adenosine receptor antagonists, 4 IKK-β inhibitors, 5 and potent inhibitor of HIV-1 integrase 6 ). They have several pharmaceutical activities (e.g. Antibactrial, 7 anticancer, 8 anticardiovascular 9 , antiinflammatory, analgesic, and antipyretic 10 ). Pyrazole unit is widely prevalent in natural products and bioactive molecules. 11, 12 They act as essential structures in the skeletons of numerous commercial drugs (e.g. celecoxib, ENMD-2076, R1530, PNU-32945, rimonabant, metamizole, and sulfaphenazole). [13] [14] [15] [16] Cyanopyridine and pyrazoles are also valuable intermediates in organic synthesis. 17, 18 In recent years, many synthetic approaches for preparation of 2-aminopyridine-3-carbonitriles and pyranopyrazoles have been developed; each has its advantages and disadvantages, namely longer reaction time, toxic solvents, harsh reaction conditions and low yields.
In a continuation of our endeavors towards the development of synthetic methodology, [19] [20] [21] [22] [23] here we reported a one-pot four-component route for synthesis of 2-aminopyridine-3-carbonitriles from reaction between arylaldehydes 1, malononitrile 2, ketones 3, and ammonium acetate 4 and also an efficient one-pot, three/four-component protocol for synthesis of dihydropyrano [2,3-c] pyrazoles by condensation of arylaldehydes 1, malononitrile 2, hydrazine monohydrate 6 and ethyl acetoacetate 7 or 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3one 9 in the presence of cobalt (II) nitrate hexahydrate as an effective catalyst in a benign conditions (Scheme 1).
EXPERIMENTAL
Melting points and FT-IR spectra of compounds were measured with an Electrotherma l9100 apparatus. The 1 H and 13 C NMR spectra of the compounds were recorded on a Bruker DRX-300 Avance instrument in DMSO at 300 MHz for 1 H analysis and 75.6 MHz for 13 C analysis. Mass spectra were obtained on an Agilent Technology (HP) spectrometer operating at an ionization potential of 70 eV. All chemicals were obtained from Merck (Darmastadt, Germany) and Fluka (Buchs, Switzerland) and used without further purification.
General procedure for synthesis of 2-amino-3-cyanopyridine derivatives under solvent free condition
A mixture of aldehydes (1.0 mmol), malononitrile (1.0 mmol), substituted acetophenone (1.0 mmol), ammonium acetate (1.5 mmol) and cobalt (II) nitrate hexahydrate (20 mol %) as a catalyst was stirred under solvent free condition at 100 °C for appropriate times. The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture cooled down to room temperature and washed with EtOH for filtered off the catalyst. The residue product was recrystallized from hot ethanol to afford the pure products 5a-n.
General procedure for four-component synthesis of dihydropyrano[2,3-c]pyrazole derivatives
A mixture of hydrazine hydrate (1.0 mmol) and ethyl acetoacetate (1.0 mmol) was stirred at room temperature until 3-methyl-2-pyrazoline-5-one was precipitated as white solid and its formation was complete. Then aromatic aldehyde (1.0 mmol), malononitrile (1.0 mmol), cobalt (II) nitrate hexahydrate (20 mol %) and water/ethanol (2:1) was added to the reaction mixture at 70 °C and stirred for the completion of the reaction. After the completion of the reaction which was monitored by TLC, the reaction mixture was cooled down to room temperature and the product was collected by filtration. The crude product was recrystallized from hot ethanol to afford the pure pyranopyrazole derivatives 8a-j.
General procedure for three-component synthesis of dihydropyrano[2,3-c]pyrazole derivatives
A mixture of benzaldehyde (1.0 mmol), malononitrile (1.0 mmol), 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (1.0 mmol) and Cobalt (II) nitrate hexahydrate (20 mol %) was added in water/ethanol (2:1) and then the reaction was stirred at 80 °C. Progress of the reaction was monitored by TLC. After the completion of the reaction, the mixture was cooled to room temperature. Then, the product collected by filtration. The crude principate was recrystallized from hot ethanol to afford the pure pyranopyrazole derivatives 10a-j. -3-methyl-1,4-diphenyl-1,4dihydropyrano[2,3,c] 
Characterization Data of Selected Compounds

2-Amino-6-(4-chlorophenyl)-4-(3,4dimethoxyphenyl)nicotinonitrile (5m):
2-Amino-6-(4-chlorophenyl)-4-(3nitrophenyl)nicotinonitrile (5n):
6-Amino-1,4-dihydro-3-methyl-4-(4bromophenyl)pyrano[2,3-c]pyrazole-5-carbonitrile (8f):
6-Amino
6-Amino-1,4-dihydro-4-(4-methoxyphenyl)-3-methyl-1phenylpyrano[2,3-c]pyrazole-5-carbonitrile (10c):
RESULTS AND DISCUSSION
As a trial model, the reaction between acetophenone, benzaldehyde, malononitrile and ammonium acetate in equimolar amounts was selected for the synthesis of 4,6-disubstituted 2-aminopyridine-3-carbonitriles. At first, the effects of solvents were evaluated and it was found that the performance of reaction under solvent-free conditions have higher priority ( Table 1 , entry 1). Then the effects of different proportion of catalyst at different temperatures were evaluated. As shown in (Table 2, entry 7), the best result obtained with 20 mol % of cobalt (II) nitrate hexahydrate at 100 °C.
Using these optimized experimental conditions, a number of aromatic aldehydes and various acetophenone were reacted with malononitrile and ammonium acetate to led product 5a-n (Table 3) . 150  60  2  20  60  65  77  3  20  70  60  77  4  20  80  50  80  5  20  90  40  88  7  20  100  20  90  8  20  110  30  82  9  5  100  40  69  10  10  100  35  74  11  15  100  30  81  12  25  100  25  83  Table 3 The synthesis of 2-amino-3-cyanopyridine derivatives under solvent-free condition A mechanistic explanation for the formation of 2-amino-3-cyanopyridines is illustrated in scheme 2. First, the Knoevenagel condensation between active aldehyde 1 and malononitrile 2 generate the arylidene malononitrile A that reacts via Michael addition with enamine B from the coupling of acetophenone 3 and ammonium acetate 4 to give intermediate C. Finally, intermediate C undergoes subsequent stages intramolecular cyclization/isomerization/aromatization to afford the desired product (5a-n).
In another study for the synthesis of dihydropyrano[2,3-c]pyrazoles, we selected the reaction of ethyl acetoacetate (1.0 mmol), hydrazine hydrate (1.0 mmol), malononitrile (1.0 mmol), and benzaldehyde (1.0 mmol) as a model system and the effect of amount of solvent, catalyst and temperature was envisaged. First, the effects of solvents (ethanol and aqueous ethanol) were evaluated and it was found that the rate 2:1 H 2 O/EtOH is better than other rates ( Table 4 , entry 3). Optimization of the other reaction conditions demonstrated that the best results were gained when the reaction was performed at 70 °C in the presence of cobalt (II) nitrate hexahydrate (20 mol%) ( Table 5 , entry 4). Table 4 Optimization of solvent for the synthesis of dihydropyrano [2,3-c] After optimizing the reaction conditions, we evaluated the range and feasibility of reactions using a various aryl aldehydes. Forasmuch as, the synthesis of other pyranopyrazole derivatives of three-component reaction as same conditions has resulted in good yields, so we have accomplished two reactions at the similar conditions. As shown in Table 6 and 7, two reactions tolerated both electron-withdrawing and electron-donating groups on the aldehyde aromatic rings.
For the synthesis of dihydropyrano[2,3-c]pyrazoles is proposed that the arylidene malononitrile A to generate in situ via Knoevenagel condensation active aldehyes 3 and malononitrile 2. Michael addition of arylidene malononitrile A and 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 9 or pyrazolone F (from the reaction between hydrazine hydrate 6 and ethyl acetoacetate 7) gives the acyclic adduct products G, which undergoes intramolecular cyclization and tautomerization to afford the corresponding products (Scheme 3).
CONCLUSIONS
In compendium, we expanded three simple and efficient protocol for one-pot synthesis of 2-amino-3-cyanopyridine and dihydropyrano[2,3-c]pyrazole derivatives in the presence of cobalt (II) nitrate hexahydrate. Good to excellent yields, use of commercially available low-cost starting materials, simplicity of operation, cleaner reaction profile are the key advantages of the present methodologies.
